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Purpose: To identify genetic defects in a Chinese family with ectopia lentis (EL) and varicose great saphenous vein 
(GSV) and to analyze the correlations between phenotype and genotype. 

Methods: Twenty-two (12 affected subjects and ten unaffected subjects) among 53 members of a Chinese family under- 
went complete physical, ophthalmic, and cardiovascular examinations. Genomic DNA was extracted from the leukocytes 
in the subjects' peripheral blood. A minimum interval was achieved with linkage study and haplotype analysis. All 65 
exons and the flanking intronic regions of fibrillin-1 (FBNl) were amplified with PCR and screened for mutations with 
direct Sanger sequencing. Molecular modeling was analyzed in an in silico study. 

Results: The linkage study showed a strong cosegregation signal on chromosome 15. The non-parametric linkage analy- 
sis yielded a maximum score of 29.1(p<0.00001), and the parametric logarithm of the odds (LOD) score was 3.6. The 
minimum interval of the shared haplotype was rsl565863-rs877228. The best candidate gene in this region was FBNl. 
A novel mutation, c.3928G>A, p.l310G>S in exon 31, was identified in FBNl and cosegregated well in the family. We 
applied molecular modeling to show the effect of this mutation on the fibrillin-1 structure. The mutation significantly 
distorts the calcium coordination, decreases the binding of the calcium ion in that motif, and affects the local calcium- 
binding epidermal growth factor (cbEGF) interface that depends on Ca binding. 

Conclusions: i^5A^7-associated fibrillinopathies are a group of diseases with dynamic phenotype changes. Novel mutation 
p.l310G>S was first reported to cause Marfan syndrome (MPS). Our results expand the mutation spectrum in FBNl and 
enhance our knowledge of genotype-phenotype correlations underlying FBNl mutations. 



Mutations in the FBNl gene (ID 2200; OMIM 134797) 
have been reported in patients with a series of fibrillinopa- 
thies, such as Marfan syndrome (MFS), isolated ectopia lentis 
(EL) [1], Weill-Marchesani syndrome, stiff skin syndrome, 
geleophysic andacrophysic dysplasia [2], and familial 
thoracic aortic aneurysms [3]. The estimated prevalence of 
MFS is approximately 1/5,000 worldwide [2]. Ectopia lentis 
is observed in approximately 80% of patients with MFS. 
MFS and EL are the two most common fibrillinopathies, and 
they share many clinical and genetic features. Mutations in 
TGFBR2 (ID 7048; OMIM 190182) and FBNl are known to 
cause MFS, while FBNl, LTBP2 (ID 4053; OMIM 602091), 
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and ADAMTSL4 (ID 54507; OMIM 610113) have been associ- 
ated with EL. 

MFS is diagnosed according to the Ghent criteria, which 
describe pleiotropic manifestations cardinally including 
lens dislocation, proximal aortic aneurysm, and long-bone 
overgrowth [4]. Isolated EL or predominant EL with some 
skeletal features does not satisfy the Ghent criteria because of 
the absence of aortic dilatation or dissection. Several studies 
recently aimed at comparing the old Ghent criteria to the 
revised criteria by studying patients with a suspected MFS 
phenotype and a known FBNl mutation. Up to 15% of cases 
received a different clinical diagnosis, such as EL according 
to the revised criteria [5]. Nevertheless, these patients may 
still develop classic MFS later in life. Moreover, information 
about the genotype is essential for diagnosing or excluding 
MFS [6], which thus emphasizes the importance of molecular 
genetic analysis in patients with a suspected MFS phenotype. 
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Figure 1. Pedigree of the extended 
family. Squares and circles indicate 
men and women, respectively. The 
solid symbols represent affected 
members. The slashed symbols 
denote deceased subjects. The 
patient above the arrow is the 
proband. Twenty-two DNA samples 
were collected from this family, 
including 12 affected subjects and 
ten unaffected subjects. 



We collected data from a large family (Figure 1) in 
southern China whose members have a history of lens dislo- 
cation and varicose great saphenous vein (GSV). Significant 
phenotypic variations were observed between the affected 
members in the family. Recently, one member (111:8) of the 
family showed aortic dissection and underwent surgery. In 
addition, one novel mutation, c.3928G>A, p.l310G>S in 
exon 31 of FBNl was identified as cosegregating well in 
the family. Thus, we rediagnosed the family with MFS. Our 
findings demonstrated that T^'SM-associated fibrillinopathies 
are a group of diseases with dynamic changes in phenotype. 
Although these patients did not initially meet the Ghent 
criteria, the patients may develop classic MFS later in life. 
Our results expanded the mutation spectrum of FBNl and 
enhanced our knowledge of the phenotypic variability caused 
by different FBNl mutations. 

METHODS 

Clinical evaluations and sample collection: The family has 
lived in Chongming County, Shanghai, China, for several 
generations. Written informed consent was obtained. A 
statement indicating that the study was approved by the 
institutional Review Board (Peking Union Medical College 
Hospital, Peking Union Medical College, F-210) and that the 
study adhered to the tenets of the Declaration of Helsinki. 
All 53 members across five generations belong to the Han 
ethnic group (Figure 1). There were 16 affected members; 
seven were male, and nine were female. 16 patients were 
recruited from Chongming, Shanghai, China, including 7 
males and 9 females. Evaluations of the intelligence of the 
family showed normal intelligence quotients. The family 
had no signs of consanguineous marriage. Evaluations of 
the intelligence of the family showed normal intelligence 
quotients. An affected adult has ocular signs and systemic 
signs. Ocular signs include ectopia lentis or myopia plus 



retinal detachment. Systemic signs include varicose great 
saphenous vein or arachnodactyly, with hyperextensible 
skin. The inheritance mode is autosomal dominant, based 
on the pedigree. Twenty-two members (12 affected subjects 
and ten unaffected subjects) in the pedigree consented, and 
were therefore included in the clinical evaluations (Table 
1, Figure 2, and Figure 3) and molecular tests. A statement 
indicating that the study was approved by the Institutional 
Review Board (Peking Union Medical College Hospital, 
Peking Union Medical College, F-210). 

Linkage analysis: Genomic DNA was extracted from 
peripheral blood leukocytes using the QlAamp DNA Mini 
Kit (Qiagen, Hilden, Germany). A genome-wide scan for 
linkage was performed with an lUumina Infinium Human 
Linkage-12 panel containing 6090 single nucleotide polymor- 
phism (SNP) markers (lUumina Inc., San Diego, CA). Four 
steps are used in the linkage method: 1) Establish a pedigree, 
2) estimate recombination frequency, 3) calculate the LOD 
score, and 4) define a candidate region. Multipoint parametric 
and nonparametric linkage analysis was performed using 
MERLIN V 2.0.1. The parametric analysis was conducted 
assuming an autosomal dominant mode of inheritance with 
0.99 penetrance. A disease allele frequency of 0.001 was used 
in the analysis. The genetic positions of the markers were 
provided by lllumina (City, CA). A LOD score greater than 
3.0 was considered evidence of linkage. 

Mutation screening: The best candidate gene in the linkage 
region is FBNl. PCR was performed to amplify the FBNl 
exonic regions, as previously prescribed [7]. The final volume 
of 50 1^1 contained 40 ng genomic DNA, 10 pmol of each 
primer and 25 |il 2xTaq PCR master mix (Biomed Technolo- 
gies, Beijing, China). PCRs were performed with denaturing 
at 94 °C for 5 min, followed by 30 cycles of a denaturing 
step at 94 °C, an annealing step at 56 °C-60 °C (depending 
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TableI. Summary of clinical information of subjects with FBNl mutation. 


Patient ID 


111:2 111:7 111:8 111:9 111:12 111:14 IV:6 IV:7 IV:12 IV:13 


IV: 14 


V:4 



Age/Gender 61/F 

Ocular system 

Ectopia lentis + 

Myopia + 

Strabismus 

Glaucoma 

Retinal detacliment 

Cardiovascular 
system 

Aortic root dimen- 2.2 
tsion (cm) 

Mirral valve 
prolapse 

Aortic aneurysm 

Slteletal system 

Heiglit (cm) 160 

Scoliosis 

Araclinodactyly 

Joint hypermobility 

Pectus excavatum/ 
carinatum 

Great Saplienous 
Vein 

Symptoms and sign + 
GSV surgery 
Otlier manifestations 
Hyperextensible skin + 

NA: not available 



59/M 55/M 42/F 59/F 



2.4 



2.3 



NA 



NA 



170 



180 



162 



158 



67/F 



44/F 41/M 31/F 



28/F 



44/M 



8/F 



2.5 



2.1 



NA 



2.5 



2.2 



2.2 



NA 



180 



168 



176 



168 



166 



180 



120 



on primer characteristics), each for 30 s and an extension 
step at 72 °C, for 60 s. A final extension step at 72 °C was 
performed for 7 min. Purified amplicons were sequenced by 
using an ABI 3730 Genetic Analyzer (ABI, Foster City, CA). 
Segregation tests were performed by directly sequencing 
other family members. One hundred normal Chinese controls 
were screened to verify the polymorphism. The FBNl cDNA 
sequence (NC_000015.9) was used as the reference. TGFBR2 
was also sequenced because of the venous changes. 

Molecular modeling: The amino acid sequence of human 
fibrillin- 1 was retrieved from the UniProtKB database. 
The domain structure of fibrillin-1 was determined using 
the Simple Modular Architecture Research Tool (SMART) 
[8,9]. The multiple sequence alignment of epidermal growth 
factor (EGF)-like Ca-binding motifs was performed using 
the algorithm for rapid automatic detection and alignment 



of repeats (RADAR). The initial mutant variant structures 
of the Ca-EGF motifs 20-22 (residues 1238-1362) were built 
with an automated protein-homology modeling server [10,11], 
using the protein structure of EGF domains 1,2,5 of human 
EMR2 as the structural template (PDB: 2bo2, subunit A). 
The mutant variant structure Glyl310Ser was generated and 
refined, and 3 ns was equilibrated in water at 37 °C, using the 
molecular visualization, modeling, and dynamics program 
YASARA [12,13]. 

RESULTS 

Clinical characteristics: The proband of the pedigree 
(111:8) was diagnosed by aortic dissection, and surgery was 
performed (Figure 1 and Figure 2). Other clinical features 
were considered, including EL and GSV, which led to our 
diagnosis of the family as having MFS [14]. However, the 
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color sonography examination indicated that the diameter of 
the ascending aorta diameter was 2.1 cm, the diameter of 
the aortic root was 2.3 cm, and other measured values were 
within normal range. No abnormal findings were observed in 
the volumetric measurements of the atrium and the ventricle, 
which were conducted 3 years ago. The patients did not 
describe symptoms such as searing pain in the chest or back. 
Two years previously, 1V:7 (41 years old) died suddenly from 
cerebral hemorrhage, which made us review his history. 
After doing so, we speculated that he may have had cerebral 



© 2014 Molecular Vision 



Figure 2. Computed tomography 
angiography of the aortic dissec- 
tion of patient 111:8. The descending 
aorta to the right common iliac 
artery with the main tear at the 
descending aorta highlighted by 
the arrow on computed tomography 
angiography. 



vascular disease. All other family members who harbor the 
mutation were found to have EL (over 28 years old) and GSV 
(since adolescence), but with no cardiovascular malforma- 
tions. The family members' height and weight fell within the 
normal adult range. Only three members (111:8, 111:14, and 
IV: 14) of the family have long bones; the others are within 
normal range. The heights of two affected subjects are within 
the lower limit of the normal range. The clinical information 
of the subjects with the FBNl mutation is summarized in 
Table 1. 
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Figure 3. Photos of the patients' 
hands. The long fingers of affected 
subjects are shown in A and B. A: 
Patient IV:7's hand (adult) is 20.4 
cm long. B: Patient V:4's hand (12 
years old) is 17.5 cm long. Family 
members' hands that are normal 
length are shown in C and D. C: 
Patient IV:3's hand (adult) is 17.5 
cm long. D: Patient IV:2's hand 
(adult) is 17 cm long. 



Molecular findings: A linkage peak was observed on chro- 
mosome 15; the highest parametric LOD score was 3.6, and 
the maximum non-parametric linkage (NPL) score was 29.1 
(p<0.00001) between rs2004175 and rs877228 (Figure 4). 
The minimal shared haplotype was between rsl565863 and 
rs877228 (Figure 5). FBNl was considered the candidate 
gene residing in the region. One novel missense mutation, 
C.39280A, p.l310G>S in exon 31 of FBNl was identified 
(Figure 6). The missense mutation was present as a hetero- 
zygous allele in all affected members, but absent in normal 
members and 100 unrelated healthy controls. We applied 
molecular modeling to show the effect of this mutation on 
the fibrillin-1 structure. The mutation significantly distorts 
calcium coordination, decreases the binding of the calcium 
ion in that motif, and locally affects the calcium-binding 
epidermal growth factor (cbEGF) interface, which depends 
on Ca binding. No mutation was found in the TGFBR2 gene. 

Molecular modeling: The protein structure of EGF motifs 
20-22 was modeled using E-value = 1.7E-25, and the 31% 
sequence identity to EGF domains of human EMR2 was used 
as a structural template. In wild-type FBNl, the position of 
the Ca^* ion is coordinated by three side-chain oxygens of 
Asnl341, Aspl322, and Glul325. Mutation p.G1310S intro- 
duces a polar serine in a Ca-binding cavity (Figure 7). 



DISCUSSION 

The phenotype of this family is unique, as we mentioned in 
a case report [14]. Law et al. reported disposition to aortic 
dilatation and varicose veins with affected members in a 
British family with a TGFBR2 mutation but without ocular 
lens dislocation [15]. We sequenced this gene and found no 
disease-causing variant. The results of the linkage study and 
mutation analysis confirmed the first association between 
FBNl and this special MFS phenotype in EL and GSV of 
this Chinese family. 

FBNl, which encodes a 350-kDa protein, is composed 
of three types of repeated modules. The EGF-like modules 
contain six highly conserved cysteine residues, which 
form disulphide bonds with each other and are critical 
in the stabilized folding of the domain [3]. FBNl has 47 
EGF-like modules, 43 of which contain a calcium-binding 
(cb), consensus sequence known as cbEGF-like modules 
[16]. FBNl also contains the transforming growth factor 
pi-binding protein-like module (TGF; pi-BP-like module) 
[17]. This module has eight cysteine residues that form four 
disulfide bonds. The third type of module is a hybrid module 
[18]. Currently, more than 1,200 mutations in FBNl have been 
identified. Among them, missense mutations account for the 
largest proportion (60%) [19]. 
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Figure 4. Whole genome linkage 
analysis results for the family with 
ectopia lentis and varicose great 
saphenous vein. The x-axis shows 
each chromosome, and the y-axis 
shows the logarithm of the odds 
(LOD) score obtained. The linkage 
peak was observed on chromosome 
15 with a parametric LOD score of 
3.6 and a maximum non-parametric 
linkage (NPL) score of 29.1. 



Missense mutations in FBNl may lead to diversiform 
clinical manifestation. Recently, a novel heterozygous 
missense mutation C.T2368A, p.C790S in FBNl was observed 
in a large Pakistani family with autosomal dominant MFS 
[20]. All patients in the family, including four young children, 
developed ectopia lentis, myopia, and glaucoma, but with no 
defects in the cardiovascular system. A p.G214S mutation in 
exon 7 was reported in a Chinese family [21]. However, the 
prevalence of cardiovascular manifestations is not high in this 
family. In another study of a Taiwanese cohort, phenotype 
analysis revealed that only one third (47 of 157) of the fami- 
lies met the Ghent criteria [22]. Moreover, five cases with 
FBNl mutations did not fulfill the Ghent criteria. Comparison 
with our family showed that only one member of the pedigree 
fulfilled the Ghent criteria. The predominant signs of this 
family are EL and GSV [14]. The EL sign appeared in the late 
20s and GSV started in the second decade. Genetic analysis 
revealed that the novel missense mutation (c.3928G>A, 
p.l310G>S) in FBNl is the underlying defect (Figure 4). 

The majority of these missense mutations affects one of 
the cbEGF domains and often involves one of the six highly 
conserved cysteine residues within the cbEGF domains. Muta- 
tions leading to severe phenotypes are mostly found clustered 
in exons 24-32 [23-25], which encodes a central stretch of 12 
cbEGF repeats. This stretch is important in the formation of a 
rigid rod-like structure, which might be involved in the forma- 
tion of the microfibril assembly [26]. The novel missense 
mutation reported in this paper (c.3928G>A, p.l310G>S) 
affects a highly conserved residue of fibrillin-1. The SIFT 
score is 0.06, and the PoIyphen2_HDIV_score is 0.986. The 
corresponding prediction is probably damaging. We applied 



molecular modeling to show the effect of this mutation at the 
fibrillin-1 structure (Figure 6). Two events occurred in our 
molecular dynamics simulations. First, a hydrogen bond was 
formed between the HG hydrogen of Serl310 and the OEl 
oxygen of Glul325 (yellow, 2.75 A), moving the side chain of 
Glul325 and excluding it from the calcium ion coordination. 
Second, Aspl322 moved in a direction out of the Ca-binding 
cavity. These two events will significantly distort the calcium 
coordination, decrease the binding of the calcium ion in that 
motif, and affect the local cbEGF interface that depends on 
Ca-binding [27]. Therefore, we speculate that the mutation 
may change the local rigid rod-like structure of FBNl and 
result in the phenotype observed in this Chinese family. 

The phenotypes of fibrillinopathies are not only highly 
heterogeneous but also change with age. Follow-up revealed 
new manifestations: aortic dissection of the proband and 
cerebral hemorrhage in patient IV: 7. Our findings indicated 
that clinical follow-up is critical in monitoring potentially 
life -threatening risks, regardless of whether cardiovascular 
abnormalities were found initially or not. Another important 
point raised by the results of this study is that molecular 
diagnosis should become an integral part of managing MFS. 
Our patients displayed clinical signs of MFS and GSV, 
which made an accurate diagnosis very challenging. Thus, 
a molecular diagnosis would allow us to perform a more 
accurate clinical diagnosis and genetic counseling. Adhering 
to the process "bedside-bench-bedside" would help clinicians 
provide better patient care. 

In summary, a novel FBNl mutation, p.l310G>S, was 
first reported to cause Marfan syndrome in a large family 
with lens dislocation and varicose great saphenous vein. 
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Figure 5. The haplotype of this 
family. Genotypes of informative 
markers are shown for each indi- 
vidual. The chromosomal location 
(in Mbp) of each marker is listed 
along with the corresponding 
dbSNP reference number. 
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Figure 6. Sequence analysis 
of the FBNl gene. A: A novel 
heterozygous missense mutation 
c.3928G>A, p.l301Gly>Ser in exon 
31 was identified in all affected 
family members. B: Unaffected 
subjects did not carry this change. 



Our results expanded the mutation spectrum in FBNl and 
enhanced our knowledge of genotype-phenotype correlations 
underlying FBNl mutations. 
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Figure 7. The atomic structure 
of the Ca-binding site and the 
functional consequences of the 
G1310S mutant variant are shown. 
Ca-binding site structures for the 
wild-type and the mutant variant 
are shown in beige and light blue, 
respectively. The Ca-* ion is shown 
in green. The oxygen and hydrogen 
atoms are represented by red and 
white spheres, respectively. 
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